Introduction
The electromagnetic scattering by a sphere has a high application potential in electromagnetics. Lord Rayleigh (1871) studied light diffraction from a small particle of spherical shape. The sphere is considered as very small according to the wavelength and also the difference of dielectric constant of sphere and surrounding medium is small. Love (1899) investigated the plane wave scattering by a dielectric sphere with any size and any dielectric constant. Weston and Hemenger (1962) calculate the backscattering by conducting sphere coated with large complex refraction index material by reducing the problem to general impedance boundary problem. Swarner and Peters (1963) calculated RCS of sphere and cylinders with homogenous dielectric and plasma coating. Calculations are done by using both exact boundary value solutions and semi-empirical approximate solution and results are compared. Good agreement is obtain between two methods while radii of obstacles are in Rayleigh region. Rheinstein (1963) investigated scattering problem from dielectric coated conducting sphere with different thickness of coating and indicate that RCS of dielectric coated conductor sphere greater than the conductor sphere because of interference effects. Diffracted and backscattering field is obtained by using geometric optics for small wavelengths. Scattering field by a large dense dielectric sphere is obtained by using GO approximation and Mie series by Inada and Plonus (1970) . Richmond (1987) investigated the electromagnetic scattering by lossy, homogeneous and isotropic ferrite coating conducting sphere. The eigenfunctions formulation, PO and GO approximations is used for solution and numerical results and bistatic scattering patterns are presented. Also, this study shows that contribution of Mie series (surface waves) is larger than GO approximation. Hill (1988) shows that Born approximation can be used to calculate scattered field by dielectric sphere. Hamid et. al. (1991) investigated scattering by a dielectric sphere with concentric sphere shell. The RCS of the system is also presented. Scattering by an impedance sphere coated with uniaxial anisotropic layer is investigated by (Geng et. al. 2009 ). Obtained general solution is also reduced to the some isotropic subcases and results are presented.
In this study, the scattered field expressions from a dielectric sphere are obtained. The difference between the incidence and observation point is 180°. The numerical results are presented for incidence angle from 0° to 360°. The scattered field is calculated for sphere radius 3mm and 8mm. Also, the scattered field are shown in graphics for various frequency to show the frequency dependence explicitly.
Analytical Study
Electromagnetic waves have a huge application area, especially in biomedical engineering. There are many passive and active microwave techniques for early detection of breast cancer. There is a significant contrast in the electrical properties of the normal and the malignant breast tissues. In order to obtain the information about the existence and position of the malignant tumour, it is important to understand the electromagnetic scattering behavior of the tumour. Therefore, cylindrically and spherically shaped tumour models have been studied to estimate the electromagnetic scattering features. The frequency dependence of dielectric properties of the breast fat, tumour, and fibroglandular tissues are frequently modelled by using the single pole Cole-Cole model:
where εs is the relative low-frequency permittivity, ε∞ is the relative high-frequency permittivity, τ is the relaxation time, εo is the permittivity of freespace, and ω is the angular frequency and σs is the ionic conductivity.
In addition, the Debye model permits very fast computation, but it is not adequate to describe the tissue dispersion in the whole frequency spectrum. On the contrary the Cole-Cole model is considered the most reliable fitting tool to describe tissue dielectric properties. Because of this, Cole-Cole model is preferred. The electromagnetic scattering by a sphere is investigated for the bistatic case. The incident wave is assumed as a plane wave and propagates along the z and y direction. For the frequency dependence of the sphere Cole-Cole model is used. The geometry of the problem is shown in Fig. 1 . The scattered field will be generated by an A r and F r of the same form as the incident field with replaced by . Hence, we construct scattered potentials as Harrington (1961) 
Solution to the associated Legendre equation is 1 1
, , and are the spherical Bessel functions of the first order, Bessel functions of the second order and Hankel functions of the second kind, respectively. and are regular Bessel function of the first order and second order, respectively. These functions can be written as Korenev (2002) 
It is useful to simplify, by using the Riccati-Bessel functions. It is found that Margerum and Vand (1964) : (15) Recalling the recursion relations for the derivatives we have 1
We thus find that:
With the continuity of , Ø Ø , , and Ø Ø at r=a, one can obtain the closed form equations of the unknown constants; b n , c n , d n and e n , as follows: 
For the verification of the results, the electromagnetic properties of the sphere is reduced to dielectric to compare with the scattered field expressions in [Harrington referans] . For the bistatic case, the coordinate transform is applied to the scattered field. The coordinate transform is shown in Figure 2 . 
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Then, the scattered field expression is obtained by substituting Eq. (28) into Eq. (22-24) for bistatic case.
Numerical Results and Discussions
The analytical results of the scattered fields (E ø , E θ ) with respect observation angle for different incident angle and operation frequency are shown in Fig.3-Fig.10 . The magnetic permeability of both outer medium and dielectric sphere are taken as 4π.10 -7 (H/m) and dielectric permittivity is given in (Kim and Pack, 2012) When the scattered fields with respect to observation angle for different frequencies and different tumour diameters of both 6mm and 16mm are obtained, the scattered fields are distributed around the dielectric sphere for low frequencies. In addition, an incident electromagnetic wave impinges to sphere in the 1-8 GHz frequency range. The dielectric properties of the sphere is given in Table 1 . The comparision of the magnitude of the φ and θ component of the scattered field for two different frequencies are shown in Fig. 3 and Fig. 5 for the sphere with 3 mm radii. It is easily seen from the graphics that the scatered field reaches the maximum value in the diffraction of the incident wave for both E φS and E θS as expected. In figure 4 and 6, the scattered field versus observation angle is presented for 8 mm dielectric sphere. The magnitude of the scattered field for 8 mm sphere is smaller than the sphere with 3 mm radii.
In this part, 4.5 GHz and 8 GHz are used, since the simulation is performed frequencies between 1 GHz and 8GHz in CST Microwave Studio. Also, sphere size is take into accounted. As shown in the Figure 8 , the simulation is performed frequencies between 1 GHz and 8GHz in CST Microwave Studio. Measurements are done when there is nothing between the antennas. Graphic in the Figure 9 shows S11-parameter versus the frequency from 1 to 8GHz. In order to validate the accuracy of the analytical derivations, a full-wave electromagnetic solver CST Microwave Studio will be used for simulations in the future study.
Conclusion
An incident electromagnetic wave comes with different angles to sphere in the 1-8 GHz frequency range. Observation point is angular distance of pi from an incident wave. While an incident wave comes with a certain angle, observation point turns from 0 to 360 degrees. According to this, scattered field amplitude is maximum at the location of incident wave, scattered field amplitude is minimum at the across incident wave. Graphic are shown for some incident angles and compared with the solution given by Harrington. Thus, the results are obtained faster and more reliable with reciprocal rotation. In addition, when there is another sphere with different properties in the outer sphere, the presence and location of the sphere will be detected faster. Therefore, it can be used in biomedical engineering as an alternative screening and diagnosis tool.
